Abstract. With the rapid growth and wide application of electronic commerce, lots of information comes forth to people. However, our experiences and knowledge often do not enough to process the vast amount of information. The problem of obtaining useful information becomes more and more serious. To deal with the problem, the personalized service and recommender system play a more important role in many fields and collaborative filtering is one of the most successful technologies in recommender systems. However, with the tremendous growth in the amount of items and users, most collaborative filtering algorithms suffer from data sparsity which leads to inaccuracy of recommendation. Aiming at the problem of data sparsity, a hybrid personalized recommendation method based on dynamic Bayesian networks is presented. This method uses the dynamic Bayesian network technique to fill the vacant ratings at first, and then employs the user-based collaborative filtering to produce recommendations.
Introduction
With the Internet and e-commerce development, e-commerce recommendation system is widely used in e-commerce site, to provide product information and advice to help users decide what products to buy. It has ability to improve cross-selling e-commerce sites and customer loyalty for e-commerce sites. Collaborative filtering recommendation system is the current widespread using methods of e-commerce recommendation algorithm, and it is based on the user's information neighbor recommended by the target user [1, 2, 3] . Collaborative filtering techniques can be divided into user-based collaborative filtering recommendation and item-based collaborative filtering.
Collaborative filtering algorithm is generally based on the user item rating matrix. When the matrix is very sparse, the algorithm is difficult to find similar users or items, so that the recommendation quality has been greatly limited. On the other hand, collaborative filtering does not care about product and user information, which information can effectively improve the accuracy of collaborative filtering recommendations [4, 5] .
The collaborative filtering algorithm assumes that a good way to find a particular user is to find interesting content like-minded people who work with him. This method, the user ratings in order to predict the user is not on matters of interest observed in the observation program [6] . In this paper, a hybrid personalized recommendation method based on dynamic Bayesian networks is presented. This method uses the dynamic Bayesian network technique to fill the vacant ratings at first, and then employs the user-based collaborative filtering to produce recommendations. The joint probability distribution can be expressed as: Transition probability hypothesis. Transition probability into the same assumptions, the dynamic evolution of dynamic Bayesian networks can be reduced to the initial transfer of network B0 and B → a joint distribution network. B contains the following definition of probability:
Model Definition. Dynamic Bayesian network is usually defined in the establishment of the following elements:
The probability distribution of observed variables P (Yt | Xt), the state Xt at time t the case, the probability distribution of observed variables Yt. We define the three elements as follows: the probability of observing variable equation: Derivation algorithm used, according to the formula can be calculated for each point the probability of unity. Then calculated the number of occurrences of each variable Xi, which set Xi = k, parents (Xi) = j. First, identify a point of unity, this group also includes Xi, and its parent node, set to meet Xi = k and the parents (Xi) = j the set of all groups, there are
With the addition of training samples increases. When calculating the end all, can re-estimate the conditional probability of each variable, such as formula below:
Prediction. The prediction formula is as follows:
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Recommendation employing user-based collaborative filtering
Measuring the similarity of users. There are several similarity algorithms that have been used in the user-based collaborative filtering recommendation algorithm [10, 11, 12] .
Pearson's correlation measures the linear correlation between two vectors of ratings. The formula is as following: Where Ric is the rating of the item c by user i, Ai is the average rating of user i for all the co-rated items, and Iij is the items set both rating by user i and user j. The cosine measure looks at the angle between two vectors of ratings where a smaller angle is regarded as implying greater similarity. The formula is as following:
Where Ri,k is the rating of the item k by user i and n is the number of items co-rated by both users. The adjusted cosine is used in some collaborative filtering methods for similarity among users where the difference in each user's use of the rating scale is taken into account. The formula is as following:
Where Riu is the rating of the item u by user i, Au is the average rating of user i for all the co-rated items, and Iij is the items set both rating by user i and user j.
Selecting neighbors of the target user. According to the calculated similarity between users, select the highest similarity with the target users of the n users as neighbors.
Recommendation. The producing prediction formula as following: 
Summary
With the rapid growth and wide application of electronic commerce, lots of information comes forth to people. However, our experiences and knowledge often do not enough to process the vast amount of information. The problem of obtaining useful information becomes more and more serious. To deal with the problem, the personalized service and recommender system play a more important role in many fields and collaborative filtering is one of the most successful technologies in recommender systems. However, with the tremendous growth in the amount of items and users, most collaborative filtering algorithms suffer from data sparsity which leads to inaccuracy of recommendation. Aiming at the problem of data sparsity, in this paper, a hybrid personalized recommendation method based on dynamic Bayesian networks is presented. This method uses the dynamic Bayesian network technique to fill the vacant ratings at first, and then employs the user-based collaborative filtering to produce recommendations.
